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SYSTEM AND METHOD FOR REMOTELY
MANAGING ELECTRIC POWER USAGE OF
TARGET COMPUTERS

FIELD OF THE INVENTION

The present invention generally relates to remote manage-
ment computing, and more particularly to remotely managing
clectric power usage of a plurality of target computers.

BACKGROUND OF THE INVENTION

A typical data center facility houses server computers,
switches, and power distribution units (PDUs). Multiple
server computers may be collectively provided 1n a mounting
chassis commonly referred to as a “rack,” and PDUs can be
configured with multiple appliance outlets designed to dis-
tribute and monitor electric power for computers and network
equipment within a data center. Existing data centers are not
able to selectively limit the power usage of server computers
in an aggregated fashion, and hence all server computers draw
required power from the PDUSs 1rrespective of real-time cur-
rent loads and conditions in the data center, resulting in
wasted energy. Among other needs, there exists a need to
manage data center power usage without adding new hard-
ware or software agents to existing rack configurations while
also meeting minimum duty cycle criteria associated with
processors of the server computers. Further, there exists a
need to provide for scheduling and implementation of user-
customized power management policies.

Therefore, heretofore unaddressed needs still exist 1in the
art to address the alorementioned deficiencies and mnadequa-
cies.

SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a system for
remotely managing electric power usage of a plurality of
target computers. In one embodiment, the system includes a
plurality of target computers arranged 1n a group, where each
target computer in the group uses electric power at a rate
associated with a corresponding duty cycle and power rating.
The sum of the power usage for each of the target computers
in the group forms a total group power usage. The system also
includes a remote management computer that 1s communica-
tively connected to the group of target computers over a
communications link. The remote management computer 1s
operative to recerve user iput data that includes a total group
power usage limit and at least one of a priority assignment,
mimmum duty cycle setting, and power zone setting for at
least one of the target computers, 1n response to an action of
a user. The system further includes a power controller that 1s
operatively coupled to the target computers and communica-
tively connected to the remote management computer over
the communications link. The power controller 1s operative to
control the power usage of each of the target computers
according to the corresponding user input data, to cause the
total group power usage to be at or below the group power
usage limut.

In one embodiment, the minimum duty cycle setting for a
particular one of the target computers i1s associated with a
mimmum amount of time, over a predetermined period of
time, that a target computer 1s at least partially operative to
perform at least one computing function for a remote com-
puter. The priority assignment for a particular one of the target
computers 1s associated with the importance of at least one
particular computing function performed by the target com-
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2

puter relative to at least one different computing function
performed by at least one of the other target computers in the
group. The power zone setting for a particular target computer
1s associated with the power rating of a particular one of the
target computers relative to at least one of a predetermined
range of power rating values and a power rating of the target
computer relative to the other target computers in the group.

In one embodiment, the power controller includes at least
one power distribution unit (PDU) that 1s operatively con-
nected to a main power mput and operative to provide power
to the target computers according to the user mput data.

In one embodiment, causing the total group power usage to
be at or below the group power usage limit includes causing
the at least one PDU to selectively reduce the duty cycle of a
particular at least one of the target computers to a reduced
duty cycle, according to at least one of the corresponding
priority assignment and power zone setting for the particular
at least one target computer, and such that the reduced duty
cycle 1s at or above the corresponding minimum duty cycle.

In one embodiment, the power controller further includes a
power usage monitor that 1s operative to monitor power usage
of each of the target computers and to monitor the total group
power usage. The power controller 1s operative to provide
corresponding power usage data to the remote management
computer over the communications link. Monitoring the
power usage of each of the target computers and the total
group power usage includes determining the power usage of
cach of the target computers and the total group power usage
over a predetermined period of time, respectively.

In one embodiment, causing the total group power usage to
be at or below the predetermined group power usage limit
further includes causing the power usage monitor to perform
functions that include determining the total group power
usage over the predetermined amount of time prior to the
reduction of the duty cycle and after the reduction of the duty
cycle. The functions further include, 11 the power usage moni-
tor determines that the total group power usage exceeds the
group power usage limit after the reduction of the duty cycle
of the at least one of the target computers, performing one of
the functions of reducing the duty cycle of an additional at
least one of the target computers according to the user input
data, and alerting the user to adjust at least one of the priority
and power zone setting for at least one of the target comput-
ers.

In one embodiment, the communications link includes at
least one of a WAN connection, LAN connection, and internet
connection.

In one embodiment, the communications link includes an
internet connection and the remote management computer 1s
turther operative to display a web-based user interface with
user controls to the user. The user 1input data 1s received in
response to an interaction of the user with at least one of the
displayed user controls.

In one embodiment, the target computers 1n the group are
co-located at a data center. In another aspect, the present
invention relates to a computer-readable medium with stored
computer-executable nstructions which, when executed by
one or more processors, perform functions for remotely man-
aging electric power usage of a group of target computers. In
one embodiment, the functions include recerving user mput
data 1n response to an interaction of a user with a remote
management computer that 1s communicatively connected to
a group ol target computers over a communications link. Each
target computer in the group uses electric power at a rate
associated with a corresponding duty cycle and power rating.
The sum of the electric power usage of each of the target
computers forms a total group power usage, and the input data
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includes a power usage limit for the group of target computers
and at least one of a priority assignment, minimum duty cycle
setting, and power zone setting for at least one of target
computers. The functions turther include causing a power
controller that 1s operatively coupled to the group of target
computers, and that 1s communicatively connected to the
remote management computer over the communications link,
to control the power usage of at least one of the target com-
puters according to the corresponding user mput data, to
cause the total group power usage to be at or below the group
power usage limit.

In one embodiment, the minimum duty cycle setting for a
particular one of the target computers 1s associated with a
mimmum amount of time, over a predetermined period of
time, that the target computer 1s at least partially operative to
perform at least one computing function. The priority assign-
ment for a particular one of the target computers 1s associated
with the importance of at least one particular computing,
function performed by the target computer relative to at least
one different computing function performed by at least one of
the other target computers. The power zone setting for a
particular one of the target computers 1s associated with the
power rating of the target computer relative to at least one of
a predetermined range of power rating values and a power
rating of the particular target computer relative to the other
target computers.

In one embodiment, the power controller includes at least
one power distribution unit (PDU) that 1s operatively con-
nected to a main power mput and that 1s operative to provide
power to the target computers according to the user input data.

In one embodiment, causing the total group power usage to
be at or below the group power usage limit includes causing,
the at least one PDU to selectively reduce the duty cycle of a
particular at least one of the target computers to a reduced
duty cycle, according to at least one of the corresponding
priority assignment and power zone setting for the at least one
target computer, and such that the reduced duty cycle 1s above
the minimum duty cycle for the particular at least one target
computer.

In one embodiment, the power controller further includes a
power usage monitor that 1s operative to monitor power usage
ol each of the target computers and the total group power
usage, and to provide corresponding power usage data to the
remote management computer over the communications link.
Monitoring the power usage of each of the target computers
and the total group power usage includes determining the
power usage of each of the target computers and the total
group power usage over a predetermined period of time,
respectively.

In one embodiment, causing the total group power usage to
be at or below the predetermined group power usage limit
turther includes the function of causing the power usage
monitor to determine the total group power usage over the
predetermined amount of time prior to the reduction of the
duty cycle and after the reduction of the duty cycle. Causing
the total group power usage to be at or below the predeter-
mined group power usage limait further includes, 1f the power
usage monitor determines that the total group power usage
exceeds the group power usage limit after the reduction of the
duty cycle of the at least one of the target computers, causing
the atleast one PDU to further perform one of the functions of
reducing the duty cycle of an additional at least one of the
target computers according to the user input data and alerting,
the user to adjust at least one of the priority assignment and
power zone setting for at least one of the target computers.
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4

In one embodiment, the communications link includes at
least one of a WAN connection, LAN connection, and internet
connection.

In one embodiment, the communications link includes an
internet connection and the functions performed further
include causing the remote management computer to display
a web-based user interface with user controls, and the user
input data 1s recerved 1n response to an interaction of the user
with at least one of the displayed user controls.

In one embodiment, the target computers in the group are
co-located at a data center.

In yet another aspect, the present invention relates to a
computer-readable medium with stored computer-executable
instructions which, when executed by one or more proces-
sors, perform functions for remotely managing electric power
usage of a rack of server computers. In one embodiment, the
functions include recerving user mput data from a user of a
web-based graphical user interface displayed on a remote
management computer that 1s communicatively connected to
a rack of server computers over an 1nternet connection, 1n
response to an interaction of the user with the graphical user
interface. Each server computer in the rack uses electric
power at a rate associated with a corresponding duty cycle
and power rating, and the sum of the electric power usage of
cach of the server computers forms a total rack power usage.
The 1nput data includes a power usage limit for the rack of
server computers and at least one of a priority assignment,
minimum duty cycle setting, and power zone setting for at
least one of the server computers. The functions further
include causing a power controller that 1s operatively coupled
to the rack of server computers, and that 1s communicatively
connected to the remote management computer over the
internet connection, to control the power usage of each of the
server computers according to the corresponding user input
data to cause the total rack power usage to be at or below the
rack power usage limit.

In one embodiment, the minimum duty cycle setting for a
particular one of the server computers 1s associated with a
minimum amount of time, over a predetermined period of
time, that the server computer 1s at least partially operative to
perform at least one computing function for a remote com-
puter. The priority assignment for a particular one of the
server computers 1s associated with the importance of at least
one particular computing function performed by the server
computer relative to the importance of at least one different
computing function performed by at least one of the other
server computers. The power zone setting for a particular
server computer 1 the rack i1s associated with the power
rating of a particular one of the target computers relative to at
least one of a predetermined range of power rating values and
a power rating ol the particular one of the target computers
relative to the power rating of each of the other server com-
puters.

In one embodiment, the power controller includes at least
one power distribution unit (PDU) that 1s operatively con-
nected to a main power mput and that 1s operative to provide
power to at least one of the server computers.

In one embodiment, causing the total rack power usage to
be at or below the rack power usage limit includes causing the
at least one PDU to selectively reduce the duty cycle of a
particular one of the server computers having at leastone of a
lower priority than at least one of the other server computers
and a higher power zone setting than at least one of the other
server computers.

In one embodiment, the power controller further includes a
power usage monitor that 1s operative to monitor power usage
of each of the server computers and the total rack power usage
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and to provide corresponding power usage data to the remote
management computer over the communications link.

In one embodiment, monitoring the power usage of each of
the server computers and the total rack power usage includes
determining the power usage of each of the server computers
and the total rack power usage over a predetermined period of
time, respectively.

In one embodiment, causing the total rack power usage to
be at or below the predetermined group power usage limit
turther includes causing the power usage monitor to deter-
mine the total rack power usage over the predetermined
amount of time prior to the reduction of the duty cycle and
after the reduction of the duty cycle. Causing the total rack
power usage to be at or below the predetermined group power
usage limit also includes, 1f 1t 1s determined by the power
usage monitor that the total rack power usage exceeds the
rack power usage limit after the reduction of the duty cycle of
the at least one of the server computers, performing one of the
functions of causing the at least one PDU to reduce the duty
cycle of an additional at least one of the server computers
according to the user input data and alerting the user to adjust
at least one of the priority assignment and power zone setting
for at least one of the server computers.

In one embodiment, the functions performed further
include, if the power usage monitor determines that the total
rack power usage exceeds the rack power usage limait after the
reduction of the duty cycle of the at least one of the server
computers, causing the at least one PDU to reduce the duty
cycle of additional server computers 1n the rack until the total
rack power usage 1s at or below the rack power usage limait.

These and other aspects of the present mvention will
become apparent from the following description of the pre-
ferred embodiments taken in conjunction with the following
drawings, although varniations and modifications thereof may
be affected without departing from the spirit and scope of the
novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

FIG. 1 schematically shows a computer system for remote
management of electric power usage of a plurality of target
computers, according to one embodiment of the present
invention;

FIG. 2 schematically shows a particular rack of target
computers in the computer system according to the embodi-
ment 1llustrated 1n FIG. 1;

FIG. 3 shows a flow chart illustrating operational steps of a
computer-implemented method for remote management of
clectric power usage of a group of target computers config-
ured as server computers 1n a rack, according to one embodi-
ment of the present invention;

FIG. 4 schematically shows architecture of a computer
system according to one or more embodiments of the present
invention;

FIG. 35 illustrates a graphical user interface display with
racks and particular server computers and PDUs of a data
center, according to one embodiment of the present invention;

FIG. 6 illustrates a graphical user interface display with
user input controls including controls for recerving user input
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6

associated with a power zone setting for one or more target
computers, respectively, according to one embodiment of the
present invention; and

FIG. 7 illustrates a graphical user interface display with
user input controls for receiving user mput associated for
configuring customized power management policies for
racks and particular server computers and PDUs of a data
center, according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s more particularly described 1n the
following examples that are intended as illustrative only,
since numerous modifications and varniations therein will be
apparent to those skilled in the art. Various embodiments of
the invention are now described 1n detail.

Referring to the drawings, like numbers indicate like com-
ponents throughout the views. As used 1n the description
herein and throughout the claims that follow, the meaning of

“a”, “an”, and “the” includes plural reference unless the con-
text clearly dictates otherwise. Also, as used in the description
herein and throughout the claims that follow, the meaning of
“mn” includes “1n” and “on” unless the context clearly dictates

otherwise. The description will be made as to the embodi-
ments 1n conjunction with the accompanying drawings in
FIGS. 1-7.

Now referring to FIGS. 1-7, 1n one aspect, the present
invention relates to a system 100 for remotely managing
clectric power usage of a plurality of target computers. In one
embodiment, the system 100 includes a plurality of target
computers 136,138, 140 arranged 1in a group 133, where each
of the target computers 136, 138, 140 1n the group 133 uses
clectric power at a rate associated with a corresponding duty
cycle and power rating, and the sum of the power usage for
cach of the target computers 136, 138, 140 in the group 133
forms a total group power usage. The system 100 also
includes a remote management computer 110 that 1s commu-
nicatively connected to the group 133 of target computers
136, 138, 140 over a communications link 122. The remote
management computer 110 1s operative to receive user input
data including a total group power usage limit and at least one
of a prionty assignment, mimmum duty cycle setting, and
power zone setting for at least one of the target computers
136, 138, 140, in response to an action of a user 112. The
system 100 further includes a power controller 143 that 1s
operatively coupled to the target computers 136, 138, 140 and
communicatively connected to the remote management com-
puter 110 over the communications link 122. The power
controller 143 1s operative to control the power usage of each
of the target computers 136, 138, 140, according to the cor-
responding user input data, to cause the total group power
usage to be at or below the group power usage limiat.

In one embodiment, the minimum duty cycle setting for a
particular one of the target computers 136, 138, 140 1s asso-
ciated with a minimum amount of time, over a predetermined
period of time, that a target computer 1s at least partially
operative to perform at least one computing function for a
remote computer. The priority assignment for a particular one
of the target computers 136, 138, 140 in the group 133 1is
associated with the importance of at least one particular com-
puting function performed by the target computer relative to
at least one different computing function performed by at
least one of the other target computers 1n the group 133. The
power zone setting for a particular target computer 1s associ-
ated with the power rating of a particular one of the target
computers 136, 138, 140 relative to at least one of a prede-
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termined range of power rating values and a power rating of
the target computer relative to the other target computers in
the group 133.

In one embodiment, the power controller 143 includes at
least one power distribution unit (PDU) 134 that 1s opera-
tively connected to a main power input 170. The at least one
PDU 134 1s operative to provide power to the target comput-
ers 136, 138, 140 according to the user input data.

In one embodiment, causing the total group power usage to
be at or below the group power usage limit includes causing,
the at least one PDU 134 to selectively reduce the duty cycle
ol a particular at least one of the target computers 136, 138,
140 to a reduced duty cycle, according to at least one of the
corresponding priority assignment and power zone setting for
the particular at least one target computer, and such that the
reduced duty cycle 1s at or above the corresponding minimum
duty cycle.

In one embodiment, the power controller 143 further
includes a power usage monitor 142 that is operative to moni-
tor power usage ol each of the target computers 136, 138, 140
and the total group power usage, and to provide correspond-
ing power usage data to the remote management computer
110 over the communications link 122. Monitoring the power
usage of each of the target computers 136, 138, 140 and the
total group power usage includes determining the power
usage of each of the target computers 136, 138, 140 and the
total group power usage over a predetermined period of time,
respectively.

In one embodiment, causing the total group power usage to
be at or below the predetermined group power usage limit
turther includes causing the power usage monitor 142 to
perform functions that include determining the total group
power usage over the predetermined amount of time prior to
the reduction of the duty cycle and after the reduction of the
duty cycle and, if the power usage monitor 142 determines
that the total group power usage exceeds the group power
usage limit after the reduction of the duty cycle of the at least
one of the target computers 136, 138, 140, performing one of
the functions of reducing the duty cycle of an additional at
least one of the target computers 136, 138, 140 according to
the user input data and alerting the user 112 to adjust at least
one of the priority and power zone setting for at least one of
the target computers 136, 138, 140.

In one embodiment, the communications link 122 includes
at least one of a WAN connection, LAN connection, and
internet connection.

In one embodiment, the communications link 122 includes
an internet connection and the remote management computer
110 1s further operative to display a web-based user interface
500, 600, 700 with user controls to the user 112. The user
input data 1s recerved 1n response to an interaction of the user
112 with at least one of the displayed user controls.

In one embodiment, the target computers 136, 138, 140 in
the group 133 are co-located at a data center 130.

In another aspect, the present imnvention relates to a com-
puter-readable medium having stored computer-executable
instructions which, when executed by one or more proces-
sors, perform functions 300 for remotely managing electric
power usage of a group 133 of target computers 136, 138,
140. In one embodiment, the functions include, as shown 1n
step 303, recerving user input data 1n response to an interac-
tion of a user 112 with a remote management computer 110
that 1s communicatively connected to a group 133 of target
computers 136, 138, 140 over a communications link 122.
Each of the target computer 136, 138, 140 1n the group 133
uses electric power at a rate associated with a corresponding,
duty cycle and power rating, and the sum of the electric power
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usage of each of the target computers 136, 138, 140 forms a
total group power usage. The mnput data includes a power
usage limit for the group 133 of target computers 136, 138,
140 and at least one of a priority assignment, minimum duty
cycle setting, and power zone setting for at least one of the
target computers 136, 138, 140. The functions further
include, as shown 1n steps 305, 307, 309, 311, 313, 315,
causing a power controller 143 that 1s operatively coupled to
the group 133 of target computers 136, 138, 140 and commu-
nicatively connected to the remote management computer
110 over the communications link 122 to control the power
usage of at least one of the target computers 136, 138, 140
according to the corresponding user input data, to cause the
total group power usage to be at or below the group power
usage limat.

In one embodiment, the minimum duty cycle setting for a
particular one of the target computers 136, 138, 140 1s asso-
ciated with a minimum amount of time, over a predetermined
period of time, that the target computer 1s at least partially
operative to perform at least one computing function. The
priority assignment for a particular one of the target comput-
ers 136, 138, 140 1s associated with the importance of at least
one particular computing function performed by the target
computer relative to at least one different computing function
performed by at least one of the other target computers. The
power zone setting for a particular one of the target computers
136, 138, 140 1s associated with the power rating of the target
computer relative to at least one of a predetermined range of
power rating values and a power rating of the particular target
computer relative to the other target computers 1n the group
133. In one embodiment, the power controller 143 includes at
least one power distribution unit (PDU) 134 that 1s opera-
tively connected to a main power iput and operative to pro-
vide power to the target computers 136,138, 140 according to
the user input data.

In one embodiment, the function shown 1n steps 305, 307,
309, 311, 313, 315 of causing the total group power usage to
be at or below the group power usage limit includes the
function of, as shown 1n step 311, causing the at least one
PDU 134 to selectively reduce the duty cycle of a particular at
least one of the target computers 136, 138, 140 to a reduced
duty cycle according to at least one of the corresponding
priority assignment and power zone setting for the atleastone
target computer, where the reduced duty cycle 1s above the
minimum duty cycle for the particular at least one target
computer.

In one embodiment, the power controller 143 further
includes a power usage monitor 142 that is operative to moni-
tor power usage of each of the target computers 136,138, 140
and the total group power usage, and to provide correspond-
ing power usage data to the remote management computer
110 over the communications link 122. As shown 1n step 305,
the function of monitoring the power usage of each of the
target computers 136, 138, 140 and the total group power
usage includes determining the power usage of each of the
target computers 136, 138, 140 and the total group power
usage over a predetermined period of time, respectively. In
one embodiment, the function shown 1n steps 305, 307, 309,
311, 313, 315 of causing the total group power usage to be at
or below the predetermined group power usage limit further
includes the function shown 1n steps 303, 307, 309, 311 of
causing the power usage momtor 142 to determine the total
group power usage over the predetermined amount of time
prior to the reduction of the duty cycle and after the reduction
of the duty cycle and, i1 the power usage monitor 142 deter-
mines that the total group power usage exceeds the group
power usage limit after the reduction of the duty cycle of the
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at least one of the target computers 136, 138, 140, causing the
at least one PDU 134 to further perform step 311 or step 313.
In step 311, the duty cycle of an additional at least one of the
target computers 136, 138, 140 1s reduced according to the
user input data. In step 313, the user 112 1s alerted to adjust at
least one of the priority assignment and power zone setting for
at least one of the target computers 136, 138, 140. In one
embodiment, the communications link 122 includes at least
one of a WAN connection, LAN connection, and internet
connection.

In one embodiment, the communications link 122 includes
an internet connection and the functions performed further
include causing the remote management computer 110 to
display a web-based user itertace 500, 600, 700 with user
controls 510-516, 530-534, 550-556 (FIG. 5), 610-622 (FIG.
6), 710-734 (FIG. 7). The user mput data 1s recerved 1n
response to an 1iteraction of the user 112 with at least one of
the displayed user controls.

In one embodiment, the target computers 1n the group 133
are co-located at a data center 130.

In yet another aspect, the present invention relates to a
computer-readable medium with stored computer-executable
instructions which, when executed by one or more proces-
sors, perform functions for remotely managing electric power
usage ofarack 132, 133 of server computers 136, 138, 140. In
one embodiment, the functions include, as shown 1n step 303,
receiving user input data from a user 112 of a web-based
graphical user interface 500, 600, 700 that 1s displayed on a
remote management computer 110 communicatively con-
nected to a rack 132, 133 of server computers 136, 138, 140
over an 1internet connection 122, in response to an interaction
of the user 112 with the graphical user interface 500, 600, 700.
Each of the server computers 136, 138, 140 1n the rack 132,
133 uses electric power at a rate associated with a correspond-
ing duty cycle and power rating, and the sum of the electric
power usage of each of the server computers 136, 138, 140
forms a total rack power usage. The input data includes a
power usage limit for the rack 132, 133 of server computers
136, 138, 140 and at least one of a priority assignment, mini-
mum duty cycle setting, and power zone setting for at least
one of the server computers 136, 138, 140. The functions
turther include, as shown 1n steps 305, 307, 309, 311, 315,
causing a power controller 143 that 1s operatively coupled to
the rack 132, 133 of server computers 136, 138, 140 and
communicatively connected to the remote management coms-
puter 110 over the mternet connection 122 to control the
power usage of each of the server computers 136, 138, 140
according to the corresponding user input data, to cause the
total rack power usage to be at or below the rack power usage
limat.

In one embodiment, the minimum duty cycle setting for a
particular one of the server computers 136, 138, 140 1s asso-
ciated with a minimum amount of time, over a predetermined
period of time, that the server computer 1s at least partially
operative to perform at least one computing function for a
remote computer. The priority assignment for a particular one
of the server computers 136, 138, 140 1s associated with the
importance of at least one particular computing function per-
formed by the server computer relative to the importance of at
least one different computing function performed by at least
one of the other server computers. The power zone setting for
a particular server computer in the rack 132, 133 1s associated
with the power rating of a particular one of the server com-
puters 136, 138, 140 relative to at least one of a predetermined
range of power rating values and a power rating of the par-
ticular one of the server computers relative to the power rating,
of each of'the other server computers. In one embodiment, the
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power controller 143 includes at least one power distribution
umt 20 (PDU) 134 that 1s operatively connected to a main
power mput and operative to provide power to at least one of
the server computers 136, 138, 140.

In one embodiment, the function shown 1n steps 305, 307,
309,311, 313, 315 of causing the total rack power usage to be
at or below the rack power usage limit includes the function
of, as shown 1n step 311, causing the at least one PDU 134 to
selectively reduce the duty cycle of a particular one of the
server computers 136, 138, 140 having at least one of a lower
priority than at least one of the other server computers 136,
138, 140 and a higher power zone setting than at least one of
the other server computers 136, 138, 140.

In one embodiment, the power controller 143 further
includes a power usage monitor 142 that 1s operative to moni-
tor power usage of each of the server computers 136,138, 140
and the total rack power usage, and to provide corresponding
power usage data to the remote management computer 110
over the communications link 122. In one embodiment, the
function shown in step 305 of monitoring the power usage of
cach of the server computers 136, 138, 140 and the total rack
power usage includes determining the power usage of each of
the server computers 136, 138, 140 and the total rack power
usage over a predetermined period of time, respectively.

In one embodiment, the function shown 1n steps 305, 307,
309,311, 313, 315 of causing the total rack power usage to be
at or below the predetermined group power usage limit fur-
ther includes performing the function of, as shown 1n steps
305, 307, 309, 311, causing the power usage monitor 142 to
determine the total rack power usage over the predetermined
amount of time prior to the reduction of the duty cycle and
aiter the reduction of the duty cycle, and the function of, if 1t
1s determined 1n steps 305, 307, 309 by the power usage
monitor 142 that the total rack power usage exceeds the rack
power usage limit after the reduction of the duty cycle of the
at least one of the server computers 136, 138, 140, performing
step 311 or step 313. In step 311, the at least one PDU 134 1s
caused to reduce the duty cycle of an additional at least one of
the server computers 136, 138, 140 according to the user input
data. In step 313, the user 112 1s alerted to adjust at least one
ol the priority assignment and power zone setting for at least
one of the server computers 136, 138, 140.

In one embodiment, 1f the power usage monitor 142 deter-
mines 1n steps 305, 307, 309 that the total rack power usage
exceeds the rack power usage limit after the reduction of the
duty cycle ofthe at least one of the server computers 136, 138,
140, then at least one of the plurality of PDUs 134 1s caused
to reduce the duty cycle of additional server computers in the
rack 132, 133 until the total rack power usage 1s at or below
the rack power usage limat.

Now referring specifically to FIG. 1, 1n one embodiment
the present mvention relates to a computer system 100 for
remotely managing electric power usage of a plurality of
target computers. A user 112 interacts with a remote manage-
ment computer 110 executing a network interface application
116, to manage electric power usage at a data center facility
130 over a network communications link 114 that connects
the remote management computer 110 to the network 120 and
another network communications link 122 that connects the
network 120 to the data center 130. More particularly, the
remote management computer 110 1s communicatively con-
nected to target computers housed at the data center 130. In
the embodiment shown 1n FIG. 1, the network 120 corre-
sponds to a WAN, LAN, or internet connection and the com-
munication links 114 and 122 may utilize physical network
cables or wireless connection means such as 802.11 or
WiMax-based communication hardware to enable data com-
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munication between the remote management computer 110
and target computers housed at the data center 130. As will be
turther described below with reference to embodiments
shown 1n FIGS. 5-7, the user 112 may provide input data by
interacting with user controls that are associated with the
network iterface application 116 and graphically displayed
on the remote management computer 110. The functionality
of the network interface application 116 may be incorporated
into a remote management browser program such as Internet
Explorer® from Microsoft® Corporation of Redmond,
Wash.

In the embodiment shown 1n FIG. 1, the data center 130
houses a plurality of target computers arranged within racks
132, 144, and 156. As shown, rack 132 includes target com-
puters 136, 138, 140, which are configured to function as
server computers. Rack 144 includes target computers 148,
150, and 152, and rack 156 includes target computers 160,
162, and 164. The target computers 1n each of the racks 132,
144, and 156 are connected to the communications link 122,
as shown by communication link segments 122a, 1225, and
122c¢, respectively.

Aswill be further described below with reference to FIG. 2,
clectric power 1s received at the data center 130 through
source power lines 170 and 1s provided to the target comput-

ers 1n each rack via corresponding power distribution units
(PDUs). As shown 1n FIG. 1, the rack 132 with target com-

puters 136, 138, and 140 has a corresponding PDU 134 that 1s
clectrically connected to the source power lines 170 by a
power line segment 170a. Similarly, the rack 144 with target
computers 148, 150, and 152 has a corresponding PDU 146
that 1s electrically connected to the source power lines 170 by
a power line segment 1705, and the rack 156 with target
computers 160, 162, and 164 has a corresponding PDU 158
that 1s electrically connected to the source power lines 170 by
apower line segment 170c. The racks 132, 144, 156 also have
power usage monitors 142, 154, and 166 connected to the
respective PDUs 134, 146, and 158.

FIG. 2 schematically shows a representative one of the
racks of target computers in the embodiment of FIG. 1, in
turther detail. As shown, the rack 132 includes three target
computers 136, 138, 140 arranged 1 a group 133. Those
skilled 1n the art will recognize that, in operation, a computer
consumes e¢lectric power at a rate associated with a corre-
sponding duty cycle and power rating, where duty cycle
relates to an amount of time that a device 1s 1n an active state
as a Iraction of the total time elapsed over a predetermined
period, and the power rating of a device relates to a guideline
set by equipment manufacturers as a maximum power to be
used with that device. Accordingly, each of the target com-
puters 136, 138, 140 1n the group 133 uses electric power at a
rate associated with a corresponding duty cycle and power
rating, and the sum of the power usage for each of the target
computers 136, 138, 140 in the group 133 forms a total group
power usage, also referred to herein as a “total rack power
usage.”

The remote management computer 110 shown in FIG. 1 1s
communicatively connected to the group 133 of target com-
puters 136, 138, 140 1n the rack 132 over the communications
link 1224, which as shown 1n FIG. 1 1s a communications link
segment that 1s operatively coupled to the main communica-
tions link 122 to the network 120 and from the network 120 to
the remote management computer 100 over communications
link 114. The remote management computer 110 1s operative
to recerve user input data that includes a total group power
usage limit and one or more of a priority assignment, mini-
mum duty cycle setting, and power zone setting for one or
more of the target computers 136, 138, 140, 1n response to an
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action of a user 112. A power controller 143 1s operatively
coupled to the target computers 136, 138, 140 and commu-
nicatively connected to the remote management computer
100. The power controller 143 1s operative control the power
usage of each of the target computers 136, 138, 140, accord-
ing to the corresponding user input data, to cause the total
group power usage to be at or below the group power usage
limut.

The minimum duty cycle setting for a particular one of the

target computers 136, 138, 140 1s associated with a minimum
amount of time, over a predetermined period of time, that the
particular target computer 1s at least partially operative to
perform one or more computing functions for a remote com-
puter, such as providing a service or other resource to multiple
remote computer users over a network communications link.
As shown 1n FIG. 2, the target computers 136, 138, and 140
provide for CD/DVD redirection, KVM redirection, and pro-
vide web services, for instance 1in the configuration of a DNS
server, respectively. The target computers 136, 138, 140 may
alternatively be configured perform functions other than
CD/DVD redirection, KVM redirection, and/or web services.
For example, the target computers 136, 138, 140 may alter-
natively be configured to function as one or more of a text
console redirection server, USB flash drive redirection server,
mass storage server, mail server, FI1P server, VPN server,
DHCP server, backup server, and/or proxy server.
The priority assignment for a particular one of the target
computers 136, 138, 140 1n the group 133 1s associated with
the importance of at least one particular computing function
performed by the particular target computer relative to one or
more different computing functions performed by one or
more of the other target computers 136, 138, 140 1n the group
133. The power zone setting for a particular target computer
in the group 133 1s associated with the power rating of the
particular target computer relative to a predetermined range
of power rating values and/or power rating of the particular
target computer relative to one or more of the other target
computers in the group 133.

As shown 1 FIG. 2, the power controller 143 includes a
power distribution unit (PDU) 134 that 1s operatively con-
nected to a main power mput 170 and operative to provide
power to the target computers 136, 138, 140 according to the
user input data. As will be described further with reference to
FIG. 3, the function of causing the total group power usage to
be at or below the group power usage limit includes causing
the at least one PDU 134 to selectively reduce the duty cycle
ol a particular one or more of the target computers 136, 138,
140 to a reduced duty cycle, according to the corresponding
priority assignment and/or power zone setting for the particu-
lar one or more target computers 136, 138, 140, and such that
the reduced duty cycle 1s at or above the corresponding mini-
mum duty cycle.

The power controller 143 also includes a power usage
monitor 142 that 1s operative to monitor power usage of each
of the target computers 136, 138, 140 and the total group
power usage, and to provide corresponding power usage data
to the remote management computer 110 over the communi-
cations links 114,122 through network 120. Monitoring the
power usage ol each ofthe target computers 136,138,140 and
the total group power usage includes determining the power
usage of each of the target computers 136, 138, 140 and the
total group power usage over a predetermined period of time,
respectively.

More specifically, the function of causing the total group
power usage to be at or below the predetermined group power
usage limit includes causing the power usage monitor 142 to
perform functions that include determining the total group
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power usage over the predetermined amount of time prior to
the reduction of the duty cycle and after the reduction of the
duty cycle and, if the power usage monitor 142 determines
that the total group power usage exceeds the group power
usage limit after the reduction of the duty cycle of the one or
more target computers 136, 138, 140, causing the PDU 134 to
reduce the duty cycle of an additional one or more of the target
computers 136, 138, 140 according to the user input data
and/or alerting the user 112 to adjust the priority assignment
and/or power zone setting for one or more of the target com-
puters 136, 138, 140.

It should be appreciated that although the racks in the
embodiment shown 1n FIG. 1 and FIG. 2 each include three
target computers, 1t 1s within the scope of the present inven-
tion to provide more or less than three target computers 1n a
single rack. Also, 1t should be appreciated that 1t 1s within the
scope ol the invention to configure the power controller 143 to
provide power only to a specific one or more of the target
computers 136, 138, 140, and that the power controller 143
may include a plurality of individual PDUs that are each
assigned to one or more of the particular target computers
136, 138, 140.

Now referring specifically to FIG. 3, a flow chart 300
illustrates operational steps of a computer-implemented
method for remote management of electric power usage of a
group of target computers configured as server computers 1n
server rack, according to one embodiment of the present
invention. Those skilled in the art will recognize that the
operational steps of the method may be implemented as a
routine executed by one or more programmable processors of
a computer, for example according to computer-executable
instructions stored on a tangible, computer-readable medium.

The operational steps of the method begin at step 301 and
then immediately proceed to step 303, where user input data
1s recerved that includes a rack power usage limit and settings
for priority, minimum duty cycle, and/or power zone settings
for one or more server computers in the rack. Next, at step
305, the power usage of one or more particular servers 1n the
rack 1s determined, as well as the total rack power usage.
From step 305, operational flow proceeds to step 307. At step
307, 1t 1s determined whether the total rack power usage
exceeds the rack power usage limat. It the total rack power
usage does not exceed the rack power usage limit, then opera-
tional flow proceeds along the “No” path from step 307 back
to step 305. If the total rack power usage does exceed the rack
power usage, then operational flow proceeds along the “Yes™
pathto step 309. Atstep 309, it 1s determined whether the duty
cycle for each and every one of the server computers in the
rack has been reduced based on the settings contained 1n the
user mput data. If the duty cycle for each and every server
computer 1n the rack has not been reduced based on the
settings contained in the user input data, then operational tlow
proceeds along the “No” path from step 309 to step 311,
where the duty cycle for an additional server computer 1n the
rack 1s reduced, and then operational flow returns back to step
307. If the duty cycle of each and every one of the server
computers in the rack has been reduced based on the settings
contained in the user input, then operational flow proceeds
along the “Yes” path from step 309 to step 313, where the user
1s alerted to change the rack power usage limit and/or settings
for one or more of priority, minimum duty cycle, and power
zone settings for one or more server computers 1n the rack.
From step 313, operational flow ends at step 315.

Now referring specifically to FI1G. 4, computer architecture
1s schematically shown for various computing systems uti-
lized according to one or more embodiments of the present
invention. It should be appreciated that although the embodi-
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ments described herein are discussed 1n the context of server
computers, other types of computing devices such as personal
desktop or laptop computers, workstations, and wireless
handheld computers may be utilized. Further, those skilled in
the art will recognize that the architecture shown 1n FIG. 4
may be utilized to embody a managed host computer or a
remote management computer.

The architecture shown 1n FIG. 4 corresponds to a com-
puter 400 having a baseboard, or “motherboard”, which 1s a
printed circuit board to which components or devices may be
connected by way of a system bus or other electric commu-
nication path. In one embodiment, a central processing unit
(“CPU”) 422 operates in conjunction with a chipset 452. The
CPU 422 1s a standard central processor that performs arith-
metic and logical operations necessary for the operation of
the computer. The chipset 452 includes a north bridge 424 and
a south bridge 426, where the north bridge 424 provides an
interface between the CPU 422 and the remainder of the
computer 400. The north bridge 424 also provides an inter-
face to a random access memory (“RAM™) used as the main
memory 454 in the computer 400 and, optionally, to an
onboard graphics adapter 440. The north bridge 424 may also
include functionality for providing networking functions
through a gigabit Ethernet adapter 428. The gigabit Ethernet
adapter 428 1s operative to connect the computer 400 to
another computer via a network. Connections which may be
made by the network adapter 428 include LAN or WAN
connections. As shown, the north bridge 424 1s connected to
the south bridge 426.

The south bridge 426 1s operative to control many of the
input/output functions of the computer 400. In particular, the
south bridge 426 may provide one or more universal serial bus
(“USB”) ports 442, an Ethernet controller 460, and one or
more general purpose input/output (“GPIO”) pins 444. The
south bridge 426 may also provide a bus for interfacing
peripheral card devices such as a graphics adapter 462. In one
embodiment, the bus comprises a peripheral component
interconnect (“PCI”) bus. The south bridge 426 may also
provide a system management bus 464 for use 1n managing
the various components of the computer 400, and a power
management module 456.

The south bridge 426 1s also operative to provide one or
more interfaces for connecting mass storage devices to the
computer 400. For instance, according to an embodiment, the
south bridge 426 includes a serial advanced technology
attachment (“SATA”) adapter for providing one or more
serial ATA ports 446. The serial ATA ports 446 may be, 1n
turn, connected to one or more mass storage devices storing
an operating system 440 and application programs 442, such
as the SATA disk drive 448. Those skilled in the art will
recognize that an operating system 440 has a set of programs
that control operations of a computer and allocation of
resources. An application program 1s software that runs on top
of the operating system software, or other runtime environ-
ment, and uses computer resources to perform application
specific tasks desired by the user.

The mass storage devices connected to the south bridge
426, and their associated computer-readable media, provide
non-volatile storage for the computer 400. Although the
description of computer-readable media contained herein
refers to a mass storage device such as a hard disk or CD-
ROM drive, those skilled in the art will recognize that com-
puter-readable media can be any available media that can be
accessed by the computer 400. Computer-readable media
may comprise computer storage media and communication
media. Computer storage media includes volatile and non-
volatile, removable and non-removable media implemented
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in any method or technology for storage of information such
as computer-readable instructions, data structures, program

modules or other data. Computer storage media includes
RAM, ROM, EPROM, EEPROM, flash memory or other
solid state memory technology, CD-ROM, DVD, HD-DVD,
BLU-RAY, or other optical storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the
desired information and which can be accessed by the com-
puter.

A low pin count (“LPC”) interface may also be provided by
the south bridge for connecting a “Super 1/O”” device 470. The
Super I/0O device 470 1s responsible for providing a number of
input/output ports, including a keyboard port, a mouse port, a
serial interface 472, a parallel port, and other types of input/
output ports. The LPC interface may also connect a computer
storage media such as a ROM or a flash memory such as a
NVRAM 448 for storing the firmware 450 that includes pro-
gram code containing the basic routines that are operative to
start up the computer 400 and to transier information between
clements within the computer 400. As described brietly
above, the south bridge 426 may include a system manage-
ment bus 464. The system management bus 464 may include
a baseboard management controller (“BMC™’) 466. In gen-
eral, the BMC 466 1s a microcontroller that monitors opera-
tion of the computer system 400. In a more specific embodi-
ment, the BMC 466 momitors health-related aspects
associated with the computer system 400, such as the tem-
perature of one or more components of the computer system
400, speed of rotational components (e.g. spindle motor, CPU
fan, etc.) within the system, the voltage across or applied to
one or more components within the system 400, and the
available or used capacity of memory devices within the
system 400. To accomplish these monitoring functions, the
BMC 466 1s communicatively connected to one or more
components by way of the management bus 464. In one
exemplary embodiment, these components include sensor
devices for measuring various operating and performance-
related parameters within the computer system 400.

The management bus 464 i1s used by the BMC 466 to
request and/or receive various operating and performance-
related parameters from one or more components, which are
also communicatively connected to the management bus 464.
For instance, 1n one embodiment, the management bus 464
communicatively connects the BMC 466 to a CPU tempera-
ture sensor and a CPU fan (not shown 1n FIG. 4), thereby
providing a means for the BMC 466 to monitor and/or control
operation of these components. The BMC 466 may be
directly connected to sensors 468. The serial ports 472 and the
Ethernet controller 460 may be utilized to establish a connec-
tion with the BMC 466.

It should be appreciated that the computer 400 may com-
prise other types of computing devices known to those skilled
in the art. It 1s also contemplated that the computer 400 may
not include all of the components shown 1n FIG. 4 and/or may

include other components that are not explicitly shown 1n
FIG. 4.

IMPLEMENTATIONS AND EXAMPLES OF THE
INVENTION

Without intent to limit the scope of the invention, exem-
plary systems and methods and their related results according,
to the embodiments of the present invention are given below.
Note that titles or subtitles may be used in the examples for
convenience of a reader, which 1n no way should limit the
scope of the mvention. Moreover, certain theories are pro-
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posed and disclosed herein; however, 1n no way they, whether
they are right or wrong, should limait the scope of the invention

so long as the invention 1s practiced according to the invention
without regard for any particular theory or scheme of action.

Example 1

This Example describes an implementation of one or more
embodiments of the present invention for controlling the
energy usage of a data center housing racks of server com-
puters, by managing the power usage of each individual rack,
to maintain the total power usage of the rack at or below a
desired power usage level. In an mitial stage of discovering
specific imnformation for one or more particular server com-
puters 1n a selected rack that 1s to be managed, using a list of
preset internet protocol (IP) addresses for the respective
devices 1n each rack, discovery 1s performed to locate PDUs
at the data center that are operatively connected to the rack
and thereby connected to the server computers 1n the rack.
The device power rating associated with each individual
server computer 1n the rack, as set by the manufacturer, 1s
discovered. The operating system executing on each of the
individual servers 1s determined through data communication
between the rack and a remote management program, such as
through a network interface application executing on a
remote management computer. This determination can be
performed by utilizing SSH, SNMP, and/or WMI protocol,
where SSH 1s associated with a Linux operating system and
WMI 1s associated with a Microsoft® Windows® operating
system.

Now referring specifically to FI1G. 5, a graphical user inter-
tace display 500 1s shown with racks and particular server
computers and PDUs of a data center, according to one
embodiment of the present invention. In the graphical user
interface display 500 1n FI1G. 5, operative devices are discov-
ered and 1dentified, and shown to a user 1n the form of a list
512 that includes the identified Servers 1-6 and PDUs 1-2 and
their corresponding IP addresses. Following the 1nitial dis-
covery stage, functions are performed to “build” a rack of
server computers to be remotely managed. In the mitializa-
tion stage, a remote user inputs specific settings for operation
of the rack. A total rack power usage limit 1s assigned, for
example through user interaction with a graphical user input
control such as the input control box 3534 illustrated in the
graphical user interface display 500 shown in FIG. 5. As
specifically shown 1n FIG. 5, one or more selected servers or
groups of servers and one or more PDUs in section 310 can be
selected and dynamically moved into a desired rack to buld,
as illustrated by Servers 1-3 that form a group 514a are moved
by user interaction to the Rack 1 list shown in the Rack
Builder display section 530. The group 514a 1s moved from
the list 1n section 510 to the Rack 1, which becomes group
514b. The user interaction to perform this moving operation
may be through a pointer-based drag-and-drop operation,
such as by holding down a mouse key to select the items 1n the
initial location, sliding the mouse to move the selected items,
and releasing the mouse key to drop the items 1n the new
location.

Also, for each server computer in the rack that 1s to be
remotely managed, the user can mput a minimum duty cycle
setting through interaction with a graphical user input control
such as the sliding control bar 556 1llustrated the graphical
user interface 500 shown 1n FIG. 5. According to an exem-
plary embodiment, the user may assign a mimmimum duty cycle
of 70% for a first server 1n a remotely managed rack, a
minimum duty cycle of 60% for a second server, and a mini-
mum duty cycle of 50% for a third server. In the same way,
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one or more of the identified PDUs 1-2 listed in display
section 510 can be selected and moved to the Rack Builder
section 330. For example, as shown, a user can select and
move PDU 1 from section 510 to section 530, to thereby
complete the Rack 1 build having the desired servers and
PDU. The user can input the rack power usage limit in mnput
box 534, shown 1n FIG. § as 500 Watts. The configuration of
a particular server can be performed by user interaction with
display section 550 1n connection with display section 530.
As shown, Server 1 labeled as 532 can be selected and 1ts
settings customized through the user controls. As shown,
through an input box 552, a user can provide the device power
rating, shown here as 120 Watts, and can set the duty cycle for
Server 1, shown as 70%, through the use of a sliding control
bar 556.

Furthermore, the user may assign relative priorities for the
other server computers (Server 2 and Server 3) based on the
deemed importance a particular server has i comparison
with others. For 1nstance, as shown 1n display section 550, a
priority rating of 1 1s assigned to Server 1, which 1s an email
server, using the up-down control arrows 554. A user may
thereby assign the highest priority assignment to Server 1 of
Rack 1, meaning the user deems 1t critical that the Server 1
have the highest availability over a given period of time to
perform email services for remote computers, relative to
Server 2 and Server 3, which may be configured as a backup
email server and media server, respectively.

Now referring specifically to FI1G. 6, a graphical user inter-
tace display 600 1s shown with user input controls that include
controls for receiving user input associated with a power zone
setting for one or more target computers, respectively,
according to one embodiment of the invention. Particularly, a
graphical user interface display 600 1s shown which includes
a display section 610 for establishing “power zone” settings
based on a manufacturer-given power rating. For example,
the user may establish multiple levels of quantitative ranges,
using mput boxes 612-622. Through interaction with input
boxes 620 and 622, a user may set quantitative values to
establish a LOW power zone of 1-100 Watts. Using 1nput
boxes 616 and 618, a user may establish a MEDIUM power
zone of 101-250, and through input boxes 620 and 622, a user
may establish a HIGH power zone of 251-500 Watts.

Now referring specifically to FI1G. 7, a graphical user inter-
tace display 700 1s shown with user input controls for receiv-
ing user input associated with configuring customized power
management policies for particular server computers and
PDUs in racks at a data center, according to one embodiment
of the present invention. A user interacts with graphically
displayed controls to configure a rack of servers to operate
according to selected parameters, over a selected period of
time and in either a fully or partially automated fashion.
Specifically, as shown, a user inputs a policy to effectively
govern the duty cycle of servers 1n a rack over a five hour
period 1n one day. Further, the duty cycle parameters are
selected to atfect only servers that have a priority assignment
within an upper and/or lower boundary. In the embodiment
shown, by interacting with the input boxes 712 and 714, a user
provides a particular date or range of dates for which the
parameters of the policy are to be enforced. This particular
period of time may correspond to a time of day with lower
server traific as compared to other hours, for istance peak
hours versus off-peak hours. Further, by selecting the check
box 730 or the check box 732, the user can indicate whether
a maximum priority assignment or a minimum priority
assignment 1s being set, and 1n conjunction, by using up-down
arrows 1n mput box 728, the user can select a specific priority
assignment values for the minimum or maximum priority
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assignment to establish the particular boundaries. By using
sliding control bar 734, a user can specily the duty cycle that
1s to be applied to one or more of the servers in the rack that
have the user-set priority criteria.

More particularly, 1n display section 710, a user can set a
time frame in which the policy restrictions are to apply,
through entering dates in mput boxes 712 and 714. Through
the use of mput boxes 716, 718, 720, 722, a user can set the
specific hours for the settings to remain 1n effect. Using check
boxes 724 and 726, in conjunction with up-down nput box
728, a user sets priority assignment criteria for particular

servers 1n a rack. Through the use of check boxes 730 and 732

in conjunction with sliding control bar 734, the upper or lower
boundaries for duty cycle operations of one or more servers
that fall within the other user-set criteria can be provided. In
the example shown, a user has established policy parameters
which in effect hold any servers in the rack that have a priority
less than 2, for example, a priority assignment of 3 1n a rack
with three total servers, to operate with a duty cycle of at least
60%. In the example shown, enforcement of these established
settings 1s set by the user to occur between the hours of 1:00
AM to 6:00 AM on May 11.

The foregoing description of the exemplary embodiments
of the invention has been presented only for the purposes of
illustration and description and 1s not intended to be exhaus-
tive or to limit the ivention to the precise forms disclosed.
Many modifications and variations are possible in light of the
above teaching.

The embodiments were chosen and described in order to
explain the principles of the mvention and their practical
application so as to enable others skilled 1n the art to utilize
the mvention and various embodiments and with various
modifications as are suited to the particular use contemplated.
Alternative embodiments will become apparent to those
skilled 1n the art to which the present invention pertains with-
out departing from 1ts spirit and scope. Accordingly, the scope
of the present invention 1s defined by the appended claims
rather than the foregoing description and the exemplary
embodiments described therein.

What 1s claimed 1s:
1. A system for remotely managing electric power usage of
a plurality of target computers, comprising:
(a) a plurality of computer groups, wherein each of the
computer groups COmprises:

(1) a plurality of target computers, each target computer
in the computer group using electric power at a rate
associated with a corresponding duty cycle and power
rating, and wherein the sum of the power usage for
cach of the target computers 1n the computer group
forms a total group power usage; and

(11) a power controller operatively coupled to the target
computers, configured to control the power usage of
cach of the target computers according to correspond-
ing user mput data to cause the total group power
usage ol the computer group to be at or below a total
group power usage limit; and

(b) aremote management computer communicatively con-
nected to each of the target computers and the power
controller of each of the computer groups over a com-
munications link, wherein the remote management com-
puter 1s configured to

receive the user mput data including the total group
power usage limit of the computer groups and at least
one of a priority assignment of each of the computer
groups, minimum duty cycle setting, and power zone
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setting for at least one of the target computers of each
of the computer groups, in response to an action of a
user;

discover all of the power controllers and the target com-
puters of the system:;

monitor the power usage of each of the target computers
of the computer groups and the total group power
usage of the computer groups; and

when the total group power usage of one of the computer
groups exceeds the total group power usage limit of
the one of the computer groups, control the power
controller of the one of the computer groups to cause
the total group power usage of the one of the computer
groups to be at or below the total group power usage
l1mat.

2. The system of claim 1, wherein the minimum duty cycle
setting for a particular one of the target computers 1s associ-
ated with a minimum amount of time, over a predetermined
period of time, that a target computer i1s at least partially
operative to perform at least one computing function for a
remote computer,

wherein the priority assignment for a particular one of the
target computers 1s associated with the importance of at
least one particular computing function performed by
the target computer relative to at least one different
computing function performed by at least one of the
other target computers 1n each computer group, and

wherein the power zone setting for a particular target com-
puter 1s associated with the power rating of a particular
one of the target computers relative to at least one of a
predetermined range of power rating values and a power
rating of the target computer relative to the other target
computers in each computer group.

3. The system of claim 2, wherein for each of the computer
groups, the power controller comprises at least one power
distribution unit (PDU) that 1s operatively connected to a
main power mput and operative to provide power to the target
computers according to the user input data.

4. The system of claim 3, wherein causing the total group
power usage to be at or below the group power usage limit
comprises causing the at least one PDU to selectively reduce
the duty cycle of a particular at least one of the target com-
puters to a reduced duty cycle, according to at least one of the
corresponding priority assignment and power zone setting for
the particular at least one target computer, wheremn the
reduced duty cycle 1s at or above the corresponding minimum
duty cycle.

5. The system of claim 4, wherein for each of the computer
groups, the power controller further comprises a power usage
monitor that 1s operative to monitor the power usage of each
ol the target computers and the total group power usage and to
provide corresponding power usage data to the remote man-
agement computer over the communications link, and
wherein momtoring the power usage of each of the target
computers and the total group power usage comprises deter-
miming the power usage of each of the target computers and
the total group power usage over a predetermined period of
time, respectively.

6. The system of claim 5, wherein causing the total group
power usage to be at or below the predetermined group power
usage limit further comprises causing the power usage moni-
tor to perform functions comprising;

(a) determining the total group power usage over the pre-
determined amount of time prior to the reduction of the
duty cycle and after the reduction of the duty cycle; and

(b) when the power usage monitor determines that the total
group power usage exceeds the group power usage limait
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after the reduction of the duty cycle of the at least one of

the target computers, performing one of the functions of:

(1) reducing the duty cycle of an additional at least one of
the target computers according to the user input data;
and

(11) alerting the user to adjust at least one of the priority
and power zone setting for at least one of the target
computers.

7. The system of claim 1, wherein the communications link
comprises at least one of a WAN connection, LAN connec-
tion, and 1nternet connection.

8. The system of claim 7, wherein the communications link
comprises an internet connection and the remote manage-
ment computer 1s further operative to display a web-based
user interface with user controls to the user and the user input
data 1s recerved 1n response to an interaction of the user with
at least one of the displayed user controls.

9. The system of claim 1, wherein the target computers in
cach computer group are co-located at a data center.

10. A non-transitory computer-readable medium having
stored thereon computer-executable instructions which,
when executed by one or more processors, perform functions
for remotely managing electric power usage of a plurality of
target computers of a system, the functions comprising:

(a) receiving user input data in response to an interaction of

a user with a remote management computer, wherein the
remote management computer 1s communicatively con-
nected to a plurality of computer groups of the system
over a communications link, wherein each computer
group comprises a plurality of target computers and a
power controller, wherein for each of the computer
groups, the power controller 1s operatively coupled to
the target computers, and each target computer uses
clectric power at a rate associated with a corresponding
duty cycle and power rating, wherein the sum of the
clectric power usage of each of the target computers
forms a total group power usage, and wherein the user
input data includes a power usage limit for the group of
target computers and at least one of a priority assign-
ment, minimum duty cycle setting, and power zone set-
ting for at least one of target computers, and wherein the
power controller 1s operatively coupled to the target
computers and configured to control the power usage of
cach of the target computers according to corresponding
user input data to cause the total group power usage of
the computer group to be at or below a total group power
usage limat;

(b) discovering, by the remote management computer, all
of the target computers and the power controller of the
system;

(¢) monitoring the power usage of each of the target com-
puters of the computer groups and the total group power
usage ol each of the computer groups; and

(d) when the total group power usage of one of the com-
puter groups exceeds the total group power usage limait
of the one of the computer groups, controlling, by the
remote management computer, the power controller of
the one of the computer groups to cause the total group
power usage of the one of the computer groups to be at or
below the group power usage limat.

11. The non-transitory computer-readable medium of
claim 10, wherein the minimum duty cycle setting for a par-
ticular one of the target computers 1s associated with a mini-
mum amount of time, over a predetermined period of time,
that the target computer 1s at least partially operative to per-
form at least one computing function,
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wherein the priority assignment for a particular one of the
target computers 1s associated with the importance of at
least one particular computing function performed by
the target computer relative to at least one different
computing function performed by at least one of the
other target computers, and

wherein the power zone setting for a particular one of the
target computers 1s associated with the power rating of
the target computer relative to at least one of a predeter-
mined range of power rating values and a power rating of
the particular target computer relative to the other target
computers.

12. The non-transitory computer-readable medium of
claim 11, wherein for each of the computer groups, the power
controller comprises at least one power distribution unit
(PDU) that 1s operatively connected to a main power input
and operative to provide power to the target computers
according to the user input data.

13. The non-transitory computer-readable medium of
claim 12, wherein causing the total group power usage to be
at or below the group power usage limit comprises causing the
at least one PDU to selectively reduce the duty cycle of a
particular at least one of the target computers to a reduced
duty cycle according to at least one of the corresponding
priority assignment and power zone setting for the at least one
target computer, wherein the reduced duty cycle 1s above the
mimmum duty cycle for the particular at least one target
computer.

14. The non-transitory computer-readable medium of
claim 13, wherein for each of the computer groups, the power
controller further comprises a power usage monitor that 1s
operative to monitor power usage ol each of the target com-
puters and the total group power usage and to provide corre-
sponding power usage data to the remote management com-
puter over the communications link, and wherein monitoring,
the power usage of each of the target computers and the total
group power usage comprises determining the power usage of
cach of the target computers and the total group power usage
over a predetermined period of time, respectively.

15. The non-transitory computer-readable medium of
claim 14, wherein causing the total group power usage to be
at or below the predetermined group power usage limit fur-
ther comprises the functions of:

(a) causing the power usage monitor to determine the total
group power usage over the predetermined amount of
time prior to the reduction of the duty cycle and after the
reduction of the duty cycle; and

(b) when the power usage monitor determines that the total
group power usage exceeds the group power usage limait
aiter the reduction of the duty cycle of the at least one of
the target computers, causing the at least one PDU to
further perform one of the functions of:

(1) reducing the duty cycle of an additional at least one of
the target computers according to the user input data;
and

(1) alerting the user to adjust at least one of the priority
assignment and power zone setting for at least one of
the target computers.

16. The non-transitory computer-readable medium of
claim 10, wherein the communications link comprises at least
one of a WAN connection, LAN connection, and internet
connection.

17. The non-transitory computer-readable medium of
claiam 16, wherein the communications link comprises an
internet connection and the functions performed further com-
prise causing the remote management computer to display a
web-based user interface with user controls and wherein the
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user input data 1s recerved 1n response to an interaction of the
user with at least one of the displayed user controls.

18. The non-transitory computer-readable medium of
claim 10, wherein the target computers 1n each computer
group are co-located at a data center.

19. A non-transitory computer-readable medium having
stored thereon computer-executable instructions which,
when executed by one or more processors, perform functions
for remotely managing electric power usage of a plurality of
racks of server computers of a server system, the functions
comprising;

(a) recerving user input data from a user of a web-based
graphical user interface displayed on a remote manage-
ment computer that 1s communicatively connected to a
plurality of racks of server computers over an internet
connection, in response to an interaction of the user with
the graphical user interface, wherein each rack com-
prises the server computers and a power and a power
controller, wherein for each rack, each server computer
in the rack uses electric power at a rate associated with a
corresponding duty cycle and power rating, wherein the
sum of the electric power usage of each of the server
computers forms a total rack power usage, and wherein
the input data includes a rack power usage limit for the
rack of server computers and at least one of a priority
assignment, mmmimum duty cycle setting, and power
zone setting for at least one of the server computers, and
wherein the power controller 1s operatively coupled to
the server computers and configured to control the
power usage of each of the server computers according
to the corresponding user input data to cause the total
rack power usage to be at or below the rack power usage
limut;

(b) discovering, by the remote management computer, all
of the server computers and the power controller of the
server system;

(c) momitoring the power usage of each of the racks of the
server computers and the total rack power usage of each
rack; and

(d) when the total rack power usage of one of the racks
exceeds the rack power usage limit, controlling, by the
remote management computer, the power controller of
the one of the racks to cause the total rack power usage
to be at or below the rack power usage limit.

20. The non-transitory computer-readable medium of
claim 19, wherein the minimum duty cycle setting for a par-
ticular one of the server computers 1s associated with a mini-
mum amount of time, over a predetermined period of time,
that the server computer 1s at least partially operative to per-
form at least one computing function for a remote computer,

wherein the priority assignment for a particular one of the
server computers 1s associated with the importance of at
least one particular computing function performed by
the server computer relative to the importance of at least
one different computing function performed by at least
one of the other server computers, and

wherein the power zone setting for a particular server com-
puter in one of the racks 1s associated with the power
rating of a particular one of the target computers relative
to at least one of a predetermined range of power rating
values and a power rating of the particular one of the
target computers relative to the power rating of each of
the other server computers.

21. The non-transitory computer-readable medium of

claim 20, wherein for each rack, the power controller com-
prises at least one power distribution unit (PDU) that 1s opera-
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tively connected to a main power input and operative to pro-
vide power to at least one of the server computers.

22. The non-transitory computer-readable medium of
claim 21, wherein causing the total rack power usage to be at
or below the rack power usage limit comprises causing the at >
least one PDU to selectively reduce the duty cycle of a par-
ticular one of the server computers having at least one of a
lower priority than at least one of the other server computers

and a higher power zone setting than at least one of the other
server computers.

23. The non-transitory computer-readable medium of
claim 22, wherein for each rack, the power controller further
comprises a power usage monitor that 1s operative to monitor
power usage of each of the server computers and the total rack
power usage and to provide corresponding power usage data
to the remote management computer over the communica-
tions link.

24. The non-transitory computer-readable medium of
claim 23, wherein momitoring the power usage of each of the
server computers and the total rack power usage comprises
determining the power usage of each of the server computers
and the total rack power usage over a predetermined period of
time, respectively.

25. The non-transitory computer-readable medium of
claim 24, wherein causing the total rack power usage to be at
or below the predetermined group power usage limit further
comprises performing the functions of:
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(a) causing the power usage monitor to determine the total
rack power usage over the predetermined amount of
time prior to the reduction of the duty cycle and after the
reduction of the duty cycle; and

(b) 11 1t 1s determined by the power usage monitor that the
total rack power usage exceeds the rack power usage
limit after the reduction of the duty cycle of the at least
one of the server computers, further performing one of
the functions of:

(1) causing the at least one PDU to reduce the duty cycle
of an additional at least one of the server computers
according to the user input data; and

(1) alerting the user to adjust at least one of the priority
assignment and power zone setting for at least one of
the server computers.

26. The non-transitory computer-readable medium of
claiam 235, having further computer-executable instructions
stored thereon which, when executed by one or more proces-
sors, further perform the function of:

when the power usage monitor determines that the total
rack power usage exceeds the rack power usage limit
after the reduction of the duty cycle of the at least one of
the server computers, causing the at least one PDU to
reduce the duty cycle of additional server computers in
the rack until the total rack power usage 1s at or below the
rack power usage limut.
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